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Abstract
Background: The study aimed to investigate the effectiveness of the European Feel4Diabetes intervention,
promoting a healthy lifestyle, on physical activity and its correlates among families at risk for type 2 diabetes
mellitus (based on the Finnish Diabetes Risk Score) in Belgium.
Methods: The Feel4Diabetes intervention involved three components: family, school and community component,
with the family component consisting of 6 counseling sessions for families at risk. Main outcomes were objectively
measured physical activity levels and its subjectively measured correlates. The final sample consisted of 454 parents
(mean age 39.4 years; 72.0% women) and 444 children (mean age 8.0 years; 50.1% girls). Multilevel repeated
measures analyses were performed to assess intervention effectiveness after 1 year.
Results: In parents, there was no significant intervention effect. In children, there were only significant negative
effects for moderate to vigorous physical activity (p = 0.05; ηp2 = 0.008) and steps (p = 0.03; ηp2 = 0.006%) on
weekdays, with physical activity decreasing (more) in the intervention group.
Conclusions: The F4D-intervention lacks effectiveness on high-risk families’ physical activity and its correlates in
Belgium. This could partially be explained by low attendance rates and a large drop-out. To reach vulnerable
populations, future interventions should invest in more appropriate recruitment (e.g. more face-to-face contact) and
more bottom-up development of the intervention (i.e. co-creation of the intervention with the target group).
Trial registration: The Feel4Diabetes-study was prospectively registered at clinicaltrials.gov as NCT02393872 on 20
March 2015.
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Background
The worldwide prevalence of diabetes mellitus is rapidly
increasing. In Europe, it is estimated to rise from 9.1% in
2017 to 10.8% of adults (20–79 years old) in 2045 [1].
Specifically in Belgium, 6.8% of adults was living with
diabetes mellitus in 2017 [1], 87–91% of which concern-
ing type 2 diabetes mellitus (T2DM) [2]. A major con-
cern is that T2DM-prevalence is also increasing among
children and adolescents [3]. Although prevalence num-
bers in Europe are scarce, evidence from the United
Kingdom shows an incidence of 0.53 per 100,000 chil-
dren (< 15 years old) per year [4]. Furthermore, data
from Germany and parts of Austria showed that T2DM
incidence in 10- to 20-year olds increased from 0.8% in
1996 to 3.3% in 2003 [5]. As T2DM has significant fi-
nancial and health impacts (e.g. cardiovascular disease,
blindness, kidney failure) [3], preventive strategies are
needed to tackle the rising prevalence.
Since about 88.0% of children (< 20 years old) diag-
nosed with T2DM have a family history of the disease,
targeting families, i.e., both parents and their children
[6] may be a good and cost-effective strategy for T2DM
prevention efforts. Furthermore, it seems of utmost im-
portance to prioritize families at high risk for T2DM de-
velopment to increase cost-effectiveness [7]. Evidence
shows that having a low educational level and being un-
employed are associated with a 45 and 31% increase in
the risk of T2DM, respectively [8], which could partially
be explained by a higher prevalence of modifiable risk
factors of T2DM like an unhealthy diet or less physical
activity (PA) [9].
As overweight and obesity play an important role in
the development of T2DM in both adults and children,
they are key factors in the prevention of T2DM [10, 11].
Next to a healthy diet, the promotion of PA is essential
in the prevention of overweight, obesity and T2DM,
which was also stated in the IMAGE Toolkit (a Euro-
pean Guideline and Training Standards for Diabetes Pre-
vention) [12]. T2DM prevention interventions should
therefore aim to increase PA levels, especially in families
with an increased risk to develop T2DM.
Many factors on several levels (i.e. personal, social and
environmental level) play an important role in the deter-
mination of PA behavior [13], and it is therefore neces-
sary that PA-promoting interventions use a multi-level
approach, integrating the personal and environmental
level [14]. Several (systematic) reviews have shown that a
multi-level approach can be effective in increasing PA in
both adults [15] and children [16]. However, none of the
studies included in these reviews specifically targeted
families at risk for the development of T2DM [15, 16].
Therefore, the Feel4Diabetes (F4D)-intervention was
developed, using a theoretical framework based on the
PRECEDE-PROCEED model. More details on the
development of the intervention can be found elsewhere
[17]. The intervention aimed to promote a healthy life-
style through the provision of a more supportive social
and physical environment on different levels (i.e. family,
school and community) to prevent T2DM in vulnerable
families (i.e. living in low socioeconomic municipalities)
in Europe [17]. One of the main aims of the intervention
was to increase PA in families. As it is expected that
changes in important correlates of PA occur before
changes in PA [18], the intervention also targeted several
of these correlates. More specifically, correlates targeted
in adults were perception of body weight, social influ-
ence, perceived barriers, self-efficacy and knowledge, as
these factors show an association with PA [19–23]. Cor-
relates targeted in children were parental perception of
body weight, parental support, attitude perceived by par-
ents and parental knowledge, as these factors are corre-
lated to children’s PA [24, 25].
The aim of the present study was two-fold. The first
aim was to investigate the effectiveness of the F4D-
intervention on the targeted correlates of PA in both
adults and children of families at risk for type 2 diabetes.
The second aim was to investigate the effectiveness of
the F4D-intervention on PA of the study population. It
was hypothesized that there would occur positive
changes in the correlates in both adults and children of
the intervention group between the baseline and post-
test, while there would not be any changes in the corre-
lates in the control group. In addition, due to the
changes in the correlates, changes are expected in PA in
the intervention study group between the baseline and
the posttest and not in the control group.
Methods
Study design
The Feel4Diabetes study is described in detail elsewhere
[17]. In short, the study implemented a school- and
community-based, family-involved intervention to pro-
mote a healthy lifestyle for the prevention of T2DM
among vulnerable families (i.e. families living in low so-
cioeconomic neighborhoods). The Feel4Diabetes-
intervention was tested using a cluster randomized con-
trolled design including intervention and control families
across six European countries (i.e. Bulgaria, Hungary,
Belgium, Finland, Spain, Greece). To optimize cultural
adaptation and increase chances for sustained imple-
mentation each country locally adapted the intervention.
Furthermore, in Belgium, PA was objectively measured
with Actigraph accelerometers, while in other countries
other measurement tools were used (e.g. Traxmeet),
which limits comparability of PA data. For the present
study, only the Belgian intervention was evaluated.
For the recruitment of young families (children of 1st,
2nd and 3rd grade and their parent(s)), a standardized,
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multistage sampling approach was used. More details on
the recruitment strategy can be found in the study of
Manios et al. (2018) [17]. Power analyses were per-
formed before the start of the study, and were based on
the primary outcome measure in the Feel4Diabetes-
study, i.e. Body Mass Index. For the high-risk families,
the analyses showed that a sample size of at least 150
families per country would be sufficient to achieve suffi-
cient statistical power (greater than 80%, at a two-sided
5% significance level) for reducing BMI by 0.7 kg/m2 in
the high risk adults. Every country had to recruit 150
families (at least 300 adults) in the high-risk component
of the intervention, and another 150 families (at least
300 adults) in the control group. To account for a pos-
sible drop-out of 20%, an additional 60 families were re-
cruited [17]. In Flanders (Belgium), 11 municipalities
from the tertile with the highest unemployment rates
(5.2–12.5%) were randomly selected. Within the munici-
palities there was participation of 58 primary schools
(response rate = 62.4%). Of all invited families (children
of first to third grade (6–9 years old) and their parent(s)),
1691 families (response rate = 33.5%) confirmed their
participation in the study by completing the informed
consent, the Finnish Diabetes Risk Score (FINDRISC,
assessing the 10-year risk of developing T2DM [26]) and
the Energy Balance-Related Behavior questionnaire
(EBRB-questionnaire) (see Fig. 1). Of these families, 457
families were identified as high-risk (27.0%) (i.e. at least
one parent with an increased risk of developing T2DM
based on the score on the FINDRISC). After the con-
firmation of schools and families, municipalities were
assigned to the intervention (three municipalities) and
the control group (eight municipalities), based on the
number of inhabitants in the municipalities.
Between April and June 2016, anthropometric mea-
surements (height, weight) were performed on all par-
ticipating children by researchers during a school visit.
High-risk families (both the child and one parent) were
asked to wear accelerometers for five consecutive days
and to complete two extra questionnaires (one on chil-
dren’s health behavior and correlates and one on par-
ents’ health behavior and correlates) (i.e., high-risk
questionnaires). Between April and September 2016,
high-risk parents were visited at home by a researcher
for anthropometric measurements (height, weight, waist
circumference, blood pressure) and blood sampling. For
the present study, only high-risk families (parents and
their children) were analyzed.
Feel4Diabetes intervention
The Feel4Diabetes intervention was implemented over
two school years (2016–2017 and 2017–2018) and in-
volved three different components: (1) the family com-
ponent, (2) the school component and (3) the
community component. The school and community
components were organized for all participating families
(i.e. high-risk and non-high-risk families). The family
component was organized for the high-risk families only.
The first intervention year in Belgium will be described
in detail below. The second intervention year focused on
maintenance of the behavior change of participants,
using an SMS-intervention on family level.
Family component, for high-risk families
High-risk families of the intervention group were invited
to participate in six counseling sessions (two individual
and four group sessions), that took place in their child’s
school or in a school nearby. During these sessions, a
trained health professional encouraged participants to
adopt a healthier lifestyle (i.e. healthy eating, improving
PA and limiting sedentary behavior; see Table 1) and
families set SMART-goals (Specific, Measurable, Attain-
able, Realistic and Timely). Families of the control group
only received the first individual session.
School component
In September–October 2016, a meeting was held with
the head masters and teachers from all participating
intervention schools. Researchers gave suggestions and
examples of activities to promote children’s PA (e.g.
markings on the playground), healthy snacking (e.g.
implementing a fruit day), drinking water (e.g. a water
station in the classroom) and reducing sedentary behav-
ior (e.g. movement breaks) in the school context. These
activities were described in a teachers’ guide. Addition-
ally, an overview of ongoing activities and some goals
and specific plans for the upcoming academic year was
created. Through the schools, all participating parents
received a brochure with tips on a healthy lifestyle (i.e.
sufficient PA, healthy diet, reducing sedentary behavior
and water consumption). The control group did not re-
ceive an intervention on the school level.
Community component
Existing health-related activities in the intervention com-
munities that proved to be suitable for the target group
(e.g. inexpensive, non-competitive, for a young public
(children and/or their parents), etc.) were bundled in
monthly community-specific activity calendars. The cal-
endars were sent to the schools for promotion in the
classroom and were uploaded on community-specific
Facebook pages. On the Facebook pages, information re-
garding a healthy lifestyle was also provided (e.g. news-
paper articles, videos regarding the importance of
reducing sitting time, etc.). The control group did not
receive an intervention at the community level.
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Measurements
Measurements were performed at baseline (April–Sep-
tember 2016) and after 1 year (March–August 2017).
Demographic variables
Demographic variables of both parents and children
were reported in the EBRB-questionnaire and both high-
risk questionnaires. Demographic variables of parents in-
cluded age, gender, ethnic background, employment sta-
tus and educational level (years of education), which was
used as proxy for individual socioeconomic status (SES).
Demographic variables of children included age, gender
and SES (based on the educational level of the mother).
Educational level was dichotomized in low (having no
higher education) and high SES (having higher educa-
tion), ethnic background was dichotomized in Caucasian
and non-Caucasian and employment status was dichoto-
mized in employed and unemployed for analyses.
Attendance rates
Attendance rates of the high-risk intervention families
were reported by research assistants during the counsel-
ing sessions.
BMI
In parents and children, body mass index (BMI) (kg/m2)
was calculated based on objectively measured weight
and height. In children, BMI z-scores were calculated
Fig. 1 Flow chart of included parents and children with data on both baseline and follow-up test
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based on z-score calculation of the World Health
Organization (WHO; observed value of the reference
population / standard deviation value of reference
population) [27].
Diabetes risk
The FINDRISC-questionnaire, a validated tool for pre-
dicting the risk of T2DM [26], was used to assess paren-
tal diabetes risk. A score of nine or more is often used
to identify parents at high-risk, as this score could iden-
tify more than 70% of incident cases of T2DM [28]. In
Belgium, adults with a cut-off point of nine were in-
cluded if their answers on the FINDRISC indicated an
unhealthy lifestyle (e.g. did not reach 30min of PA every
day, did not eat fruit and vegetables every day or had a
waist circumference that indicates a risk of metabolic
complications, based on the criteria of WHO [29]).
Physical activity
The valid and reliable Actigraph accelerometers (GT1M,
GT3X, GT3X+) were used to measure PA of parents
and children [30–32]. Participants were asked to wear
the accelerometers for five consecutive days, including
two weekend days. Information letters with instructions
on how to handle the accelerometer, were distributed to
children’s parents. Accelerometers were attached at the
right hip and secured by an elastic belt. Participants at-
tached the accelerometer when they woke up in the
morning and removed it when going to sleep and for
water-based activities. Parents’ and children’s accelerom-
eters were set to measure PA in epochs of respectively 1
min [33, 34] and 15 s [35]. ActiLife version 6.13.3 (Acti-
graph, Fort Walton Beach, FL, USA) was used to clean
and score the data. Non-wear time was defined as > 60
min (parents) [36] and > 20min (children) [37] of con-
secutive zero counts per minute. To score the data, ac-
celerometer cut-points of Freedson [38] and Evenson
[39] were used for parents and children respectively. For
both parents and children, minutes of light PA (LIPA),
minutes of moderate to vigorous PA (MVPA) and steps
per day were assessed for all days and for week and
weekend days separately, adjusted for non-wear time.
Data from parents with at least 10 h of wearing time
[36] and from children with at least 6 h of wearing time
for at least 4 days (with a minimum of one weekend
day) [40] were included in the analyses.
Table 1 Topics and content of counseling sessions
Session (period) Topic Content Practical tools, activities and homework tasks
1 – individual session
(September–October 2016)
Healthy lifestyle • Feedback on anthropometric
measurements and blood analysis
• Folder with general information regarding
healthy breakfast, healthy snacking, drinking
water, proportions of food groups on a plate,
PA, sedentary behavior, healthy weight
2 – group session
(November 2016)
Diabetes and risk
factors
• Content and goals of the Feel4Diabetes-
project
• Information on T2DM and its risk factors
• Quiz on healthy lifestyle
• Quiz on risk factors for T2DM
• Practical assignment on sugar in
beverages
• Wearing pedometer for a week
• Diary on PA and sedentary behavior
3 – individual session
(December 2016)
SMART-goals • Analysis of current lifestyle
• Identification of goals
• SMART-goal formulation
• Pitfalls and solutions
4 – group session
(January 2017)
PA and sedentary
behavior
• Reviewing SMART-goals
• Definition and recommendations
of PA and sedentary behavior
• Benefits of sufficient PA and limited
sedentary behavior
• Parental skills regarding PA and
sedentary behavior in video format
• Reviewing of diaries on PA and sedentary
behavior and exchange of tips to be more
physically active or be less sedentary
• Perception on own PA and children’s PA
with movement break based on the answer
• Suggestions for apps on sedentary behavior
• Diary on eating habits
5 – group session
(February 2017)
Healthy eating
behavior
• Healthy breakfast
• Reviewing SMART-goals
• Information regarding healthy breakfast,
healthy snacking, meals, drinks, grocery
shopping (food labeling) and mindful
eating
• Parental skills regarding healthy eating
behavior
• Portion size task
• Reward system with stickers
• Task on reading food labels
• Reviewing of diary on eating habits
• Cookbook
• Calendar on seasonal vegetables
6 – group session
(March 2017)
Interactive game • Reviewing SMART-goals
• Interactive game with questions on healthy
behaviors discussed in previous sessions
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Correlates
For both parents and children, correlates were assessed
in the high-risk questionnaires. Perception of body
weight, perceived social influence, perceived barriers,
self-efficacy and knowledge were assessed for parents.
Perception of body weight was assessed using the ques-
tion ‘What is your opinion about your current body
weight?’ (five-point scale, ranging from ‘I am under-
weight’ to ‘I am overweight’). The question ‘How much
do significant others motivate you to be physically ac-
tive?’ assessed perceived social influence (five-point
scale, ranging from ‘a lot’ to ‘never’; two items, Cron-
bach’s alpha (α) =0.90). Participants were asked ‘How
likely are you to say you do not exercise because of given
reasons?’ to investigate perceived barriers (four-point
scale, ranging from ‘very likely’ to ‘not likely at all’). After
conducting factor analyses, three scales were con-
structed: environmental barriers (four items: neighbor-
hood lacks facilities appropriate for walking; no suitable
facilities; neighborhood lacks aesthetics and pleasantness
to walk or exercise; neighborhood is not safe, α = 0.79),
attitudinal barriers (three items: too lazy/not motivated
to be physically active; do not enjoy PA; never keep up a
work out, α = 0.83) and barriers concerning time con-
straints (two items: no spare time; other interesting
things to do, α = 0.49). The question ‘How confident are
you to be physically active under the given situations?’
(e.g. during holidays, when you are anxious) (ten-point
scale, ranging from ‘totally not confident’ to ‘very
confident’; six items, α = 0.86) assessed self-efficacy.
Knowledge was assessed using the question ‘How many
minutes do you think an adult should be active each
day?’ (multiple-choice format: 10 min/day, 15 min/day,
20 min/day, 30 min/day, 45 min/day, 60 min/day, ‘I do
not know’).
Parental perception of the weight of their child, paren-
tal support, attitude perceived by parents and parental
knowledge were assessed for children. All questions were
answered by one of the child’s parents. For perception
of body weight, parents were asked what they thought
about their child’s current body weight (five-point scale,
ranging from ‘he/she is underweight’ to ‘he/she is over-
weight’). Parental support was assessed with five items.
For three items, parents were asked how often they
acted in a certain way (e.g. ‘How often does at least one
parent/caretaker encourage your child to participate in a
movement activity or game?’; five-point scale, ranging
from ‘very often’ to ‘never’) and for the two other items,
parents were asked to what extent they agreed with two
statements (e.g. ‘My child can skip movement activities
or planned sports lessons whenever he/she wants’; five-
point scale, ranging from ‘disagree’ to ‘agree’). The five
items were combined in one scale (α = 0.83). To assess
the attitude of the child, the question ‘To what extent
do you agree with the statement ‘My child prefers watch-
ing TV or reading a book over being active’?’ was used
(five-point scale, ranging from ‘disagree’ to ‘agree’). Know-
ledge was assessed by the question ‘How many minutes
do you think children should be active each day?’ (mul-
tiple-choice format: 15min/day, 30min/day, 45min/day,
60min/day, 90min/day, 120min/day, ‘I do not know’).
To assess test-retest reliability of the correlates, par-
ents who had similar demographic characteristics as the
targeted population in the Feel4Diabetes-intervention
completed the questionnaires twice, within a 1–2 week
interval in January–March 2016. Mean intraclass correl-
ation coefficient (ICC) for the correlates of parents was
0.80 and ranged from ICC 0.13 (‘I do not exercise be-
cause my neighborhood lacks sidewalks, bicycle lanes,
parks or pavements appropriate for walking’) to ICC
0.91 (‘How confident do you feel that you can continue
being physically active even when you feel depressed?’).
Test-retest reliability of the correlates of children ranged
from ICC 0.69 (‘How often does at least one parent/
caretaker encourage your child to participate in a move-
ment activity or game’) to ICC 0.89 (‘What is your opin-
ion on the current body weight of your child?’), with a
mean ICC of 0.82.
Statistical analyses
Tests for normal distribution on all outcome measures
revealed skewed light PA (LIPA), moderate to vigorous
PA (MVPA) and daily steps for both parents and chil-
dren. Therefore, logarithmic transformations were con-
ducted for these variables. Sample characteristics and
attendance rates were described and differences in char-
acteristics between intervention and control group were
investigated using respectively descriptive statistics and
sample t-test and chi-square tests in SPSS 24.0 for Win-
dows. To compare participants who had valid data (i.e.
data on at least one of the outcome variables) on both
time points (baseline and follow-up) and participants
who did not have valid data on both time points, attri-
tion analyses were conducted as a logistic regression
with 4 levels (participant, class, school and municipality)
in MLwiN 3.02 (Centre for Multilevel Modelling, Uni-
versity of Bristol, UK).
To assess the effectiveness of the Feel4Diabetes-
intervention on parents’ and children’s PA levels and
correlates and to control for clustering of participants in
classes, schools and municipalities, multilevel repeated
measures analyses were conducted using MLwiN 3.02.
The two-way interaction effect of ‘time x group’, with
five levels (time, participant, class, school and municipal-
ity) was considered for parents and for children. As
‘time’ was included as a level, all participants with valid
data on at least one of both time points (454 parents
and 444 children) were included in the analyses.
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Analyses for parents were adjusted for age, gender, SES,
ethnic background, employment status, BMI and FIND
RISC-score. Analyses for children were adjusted for age,
gender, SES and BMI z-scores. For all analyses, statistical
significance level was set at p < 0.05.
To calculate effect sizes of significant interaction effects,
the proportion of variance explained by the interaction
variable time x group in addition to other variables (ηp
2)
was used. Explained variances of 2% or smaller, 12–25
and 26% or higher identified a small, medium or large ef-
fect size respectively. The formula used for the calculation
of the effect sizes is the total variance of the model with-
out the interaction term minus the total variance of the
full model, divided by the total variance of the model
without the interaction term ((ModelWithoutInteraction -
ModelFull) / ModelWithoutInteraction). To obtain an effect size
in percentages, the outcome was multiplied by 100. Effect
sizes are only reported in the text and not in the table.
Results
Sample characteristics
Attrition analyses in parents showed differences in SES,
ethnic background and diabetes risk score. Parents with
valid data on both time points were more likely to be
higher educated (OR (odds ratio)SES = 1.14, 95% CI (con-
fidence interval)SES = 1.04, 1.25), Caucasian (ORethnicback-
ground = 1.27, 95% CIethnicbackground = 1.05, 1.50) and have
a higher diabetes risk score (ORFINDRISCscore = 1.14, 95%
CIFINDRISCscore = 1.02, 1.25). Attrition analyses in chil-
dren showed differences in SES. Children with valid data
on both time points were more likely to have a higher
SES (ORSES = 1.69, 95% CISES = 1.22, 2.16). Baseline sam-
ple characteristics of parents and children can be found
in Table 2.
At baseline, the mean age of the parents was 39.4 years
(Min = 27.1; Max = 68.6) and the sample consisted of
72.0% women. Of all parents, 54.7% had higher
Table 2 Sample characteristics of participants in Belgium
PARENTS
Total
(n = 545)
Control group
(n = 225)
Intervention group
(n = 229)
p-value
Age (years (± SD)) 39.4 (± 5.3) 39.4 (± 5.3) 39.5 (± 5.4) 0.90
Gender (% women) 72.0 72.0 72.1 0.99
SES (% high) 54.7 56.5 52.8 0.46
Ethnic background (% Caucasian) 90.7 97.9 83.6 < 0.001
Employment status (% employed) 85.0 87.1 83.0 0.25
BMI (kg/m2 (± SD)) 27.6 (± 5.1) 27.2 (± 4.8) 27.9 (± 5.4) 0.18
FINDRISC-score (± SD) 9.6 (± 4.3) 9.5 (± 4.3) 9.6 (± 4.4) 0.95
MVPA-recommendation on all days (% achieving) 62.9 64.9 62.3 0.95
MVPA-recommendation on weekdays (% achieving) 72.8 75.9 72.9 0.86
MVPA-recommendation on weekend days (% achieving) 37.4 38.0 36.0 0.64
Step-recommendation on all days (% achieving) 13.0 13.3 12.1 0.75
Step-recommendation on weekdays (% achieving) 22.2 26.8 19.9 0.36
Step-recommendation on weekend days (% achieving) 17.6 18.9 16.0 0.23
CHILDREN
Total
(n = 444)
Control group
(n = 211)
Intervention group
(n = 233)
p-value
Age (years (± SD)) 8.04 (± 0.9) 8.00 (± 0.9) 8.08 (± 0.95) 0.41
Gender (% girls) 50.1 49.5 50.7 0.81
SES (% high) 58.2 59.4 57.0 0.61
BMI z-scores (± SD) 0.46 (± 1.0) 0.41 (± 0.9) 0.50 (± 1.08) 0.31
MVPA-recommendation on all days (% achieving) 70.0 72.2 67.6 0.25
MVPA-recommendation on weekdays (% achieving) 68.0 65.4 69.9 0.67
MVPA-recommendation on weekend days (% achieving) 59.7 63.3 56.5 0.32
Step-recommendation on all days (% achieving) 27.5 29.4 24.8 0.09
Step-recommendation on weekdays (% achieving) 38.2 34.7 41.4 0.67
Step-recommendation on weekend days (% achieving) 19.9 13.4 16.5 0.17
SD standard deviation
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education, 90.7% identified themselves as Caucasian and
85.0% were employed. Parents’ mean BMI was 27.6 kg/
m2 and mean diabetes risk score was 9.6. Although mu-
nicipalities with the highest unemployment rates were
randomly selected, the included sample had higher edu-
cation and employment rates compared to Belgian cen-
sus data [41]. Analyses showed a difference in ethnic
background between control and intervention group
with less participants identifying themselves as Cauca-
sian in the intervention group (p < 0.001).
At baseline, the sample of children had a mean age of
8.0 years (Min: 6.1; Max = 12.5) and consisted of 50.1%
girls. Of all children, 58.2% had a higher SES and the
mean BMI z-score of the children was 0.46.
Attendance rates
High-risk intervention families attended an average of
2.4 sessions. As the first session (i.e. feedback on the
anthropometric measurements and blood analysis and
the folder with general information on a healthy and
active lifestyle) was a session via mail, all families re-
ceived this first session. Of all intervention families,
113 families (53.3%) only received the first session, 31
families (14.6%) attended two sessions, 14 families
(6.6%) attended three sessions, 12 families (5.7%)
attended four sessions, 16 families (7.5%) attended
five sessions and 26 families (12.3%) attended all
sessions.
Intervention effects
Results for parents are shown in Table 3. No significant
intervention effects for parents were found.
Results for children are shown in Table 4. There were
significant negative intervention effects for MVPA on
weekdays (β (SE) = − 0.06 (0.03), p = 0.046, ηp
2 = 0.80%)
and steps on weekdays (β (SE) = − 0.04 (0.02), p = 0.029,
ηp
2 = 0.56%). MVPA on weekdays in the intervention
group decreased (− 10.87 min), while MVPA increased
(+ 3.35 min) in the control group going from baseline to
follow-up. Steps per day on weekdays decreased more in
the intervention group (− 1385.85 steps) than in the con-
trol group (− 27.54 steps). No other significant interven-
tion effects were found.
Discussion
This study aimed to investigate the effect of the first
year of the Feel4Diabetes-intervention on PA and cor-
relates in vulnerable families (i.e. families at risk for
T2DM and living in low socio-economic municipal-
ities) in Belgium. Although the intervention used a
multi-level approach, which has proven effective in
increasing PA previously [15, 16, 42], we found few
significant intervention effects. The intervention ex-
pected to see changes of children’s PA or correlates
through changes in parental PA or correlates, as it
has been proven that parents’ role modeling and par-
ental support play an important role in PA behavior
in children [43, 44], but results did not show these
expected changes. Children’s MVPA and steps per
day on weekdays changed significantly, but interest-
ingly decreased (more) in the intervention group.
However, effect sizes showed no biologic relevance of
these results.
First, the lack of intervention effects in parents
could explain the lack of positive intervention effects
in children. The lack of effects in parents could be
due to the fact that, on average, parents of both
intervention and control group already achieved the
recommended PA levels [45] at baseline (i.e. 43.74
min and 42.12 min of MVPA/day, respectively). Re-
sults of the study also show that 62.3 and 64.9% of
parents in the intervention and control group, re-
spectively, achieved the recommended PA levels.
These are unexpected results as evidence states that
insufficient PA in adults is more prevalent in low
socio-economic areas [46], but could be explained by
the higher individual SES of participating parents.
Second, on average, also PA-levels in children on
weekdays were already high at baseline (i.e. 68% of
children already achieved MVPA-recommendations
[47]). Third, the negative intervention effect in chil-
dren could partially be explained by the fact that only
parents and teachers were actively involved in the
components and children were only involved in one
of the counseling sessions.
The overall lack of positive effects of the
Feel4Diabetes-intervention on PA and its correlates
in vulnerable families in Belgium could be due to
low attendance rates of families at the counseling
sessions and the large drop-out at follow-up. The re-
ports showed that only 26 families attended all ses-
sion. Thorough drop-out tracking showed that
parents and children who dropped out of the study
were more likely to have a lower SES, which reflects
evidence stating that it is more difficult to reach vul-
nerable populations [48]. Therefore, future interven-
tions targeting vulnerable populations should look
for more effective strategies to address and retain
these groups. First of all, it seems important to use
face-to-face recruitment within the community [48].
Second, it will be important to target the individual
together with its social network, as one of the key
influences on behavior change within low SES
groups is social support [49]. Lastly, development of
interventions focusing on improving physical activity
in vulnerable populations should be more bottom-up
and interventions should target activity-related atti-
tudes and skills more [50].
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The first important strength of this study is that it tar-
geted vulnerable families, who remain an important tar-
get group in T2DM-prevention as they have a higher
risk of developing the disease [8, 9]. Targeting these
groups could help reduce health inequalities [51, 52]. A
second strength of this study is the objectively measured
PA levels of parents and children by using accelerome-
ters. The current study also has some limitations. First, a
lot of participants had incomplete data, which could
limit conclusions on causality and results should be
interpreted with caution. In addition, attrition analyses
showed that parents with valid data were more likely to
be higher educated, Caucasian and have a higher risk
score and children with valid data were more likely to
have a higher SES. Consequently, results should even be
more interpreted with caution. Second, the second inter-
vention year, which focused on maintaining the behavior
change, was not taken into account in the analyses, while
perhaps more time is needed to really change lifestyle
behavior. Third, attendance at the counseling sessions
was very low, which could have limited the impact of
the intervention on participants that did not attend the
sessions. Fourth, children were not actively involved in
the intervention, which could have caused the limited ef-
fect of the intervention on children’s PA. Fifth, there is a
lack of communication on more in-depth process evalu-
ation data, such as intervention reach, dose and fidelity.
Consequently, it is unknown if the intervention was im-
plemented correctly and consistently. If not, this could
help in explaining the null or even negative intervention
effects. And last, generalizability of the results is limited
to a very specific group of the population, namely mem-
bers of families with an increased risk on type 2 diabetes
from low socio-economic regions in Flanders. Further-
more, the intervention was mainly performed in urban
municipalities and as a result, the generalizability to
more rural areas is unknown.
Conclusions
The multilevel Feel4Diabetes-intervention lacks effect-
iveness on objectively measured physical activity and its
Table 3 Intervention effects for physical activity and its
correlates of parents
Interaction effect
Baseline Follow-up Time x Group(β (SE)) 95% CI
MVPA on all days (min)
Control 42.12 43.18 0.04 (0.07) −0.09; 0.16
Intervention 43.74 45.24
LIPA on all days (min)
Control 365.80 338.43 0.02 (0.02) −0.01; 0.06
Intervention 340.20 333.24
Steps on all days
Control 8336.40 7748.91 0.01 (0.03) −0.05; 0.07
Intervention 8288.19 7936.69
MVPA on weekdays (min)
Control 50.12 50.35 0.10 (0.07) −0.04; 0.23
Intervention 45.49 52.62
LIPA on weekdays (min)
Control 360.38 332.90 0.01 (0.02) −0.04; 0.05
Intervention 328.07 314.86
Steps on weekdays
Control 9564.35 8923.87 0.02 (0.03) −0.04; 0.08
Intervention 8936.84 8865.95
MVPA on weekend days (min)
Control 29.18 30.03 −0.04 (0.10) −0.23; 0.15
Intervention 39.20 32.93
LIPA on weekend days (min)
Control 361.97 334.53 0.03 (0.03) −0.02; 0.08
Intervention 354.97 349.54
Steps on weekend days
Control 6885.49 6279.98 0.01 (0.04) −0.07; 0.09
Intervention 7798.52 6947.57
Perception of body weight (on 5)
Control 3.63 3.63 0.18 (0.09) −0.00; 0.37
Intervention 3.60 3.79
Social influence (on 5)
Control 3.21 3.29 −0.19 (0.17) −0.52; 0.13
Intervention 3.11 2.99
Environmental barriers (on 5)
Control 3.57 3.50 −0.06 (0.07) −0.19; 0.07
Intervention 3.56 3.43
Attitudinal barriers (on 5)
Control 3.23 3.26 −0.02 (0.08) −0.18; 0.15
Intervention 3.22 3.23
Time barriers (on 5)
Control 2.86 2.85 −0.03 (0.10) −0.24; 0.17
Intervention 2.81 2.77
Table 3 Intervention effects for physical activity and its
correlates of parents (Continued)
Interaction effect
Baseline Follow-up Time x Group(β (SE)) 95% CI
Self-efficacy (on 10)
Control 6.20 5.95 0.11 (0.28) −0.44; 0.65
Intervention 6.07 5.93
Knowledge (on 1)
Control 0.19 0.21 0.04 (0.08) −0.12; 0.19
Intervention 0.23 0.28
*p < 0.05
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correlates of Belgian families (i.e. children and their par-
ent(s)) at risk for the development of type 2 diabetes.
These results are mainly due to a high drop-out and low
attendance rates of the participants. Therefore, future in-
terventions should seek to integrate more effective strat-
egies to address and retain this target group.
Table 4 Intervention effects for physical activity and its correlates of children
Interaction effect
Baseline Follow-up Time x Group(β (SE)) 95% CI
MVPA on all days (min)
Control 73.30 76.93 −0.04 (0.03) −0.10; 0.02
Intervention 73.54 66.20
LIPA on all days (min)
Control 285.43 271.82 0.00 (0.01) −0.03; 0.03
Intervention 287.05 260.02
Steps on all days
Control 11,550.69 11,757.17 −0.03 (0.02) −0.06; 0.01
Intervention 11,427.41 10,708.73
MVPA on weekdays (min)
Control 73.76 77.11 −0.06 (0.03)* −0.12; − 0.00
Intervention 77.21 66.34
LIPA on weekdays (min)
Control 291.19 274.11 −0.00 (0.01) −0.03; 0.02
Intervention 302.26 271.57
Steps on weekdays
Control 12,089.45 12,061.91 −0.04 (0.02)* −0.08; − 0.00
Intervention 12,384.86 10,999.01
MVPA on weekend days (min)
Control 72.78 76.20 −0.02 (0.05) −0.12; 0.08
Intervention 67.79 66.18
LIPA on weekend days (min)
Control 275.88 261.20 0.01 (0.02) −0.03; 0.05
Intervention 258.68 237.79
Steps on weekend days
Control 10,738.78 11,030.24 0.01 (0.03) −0.06; 0.08
Intervention 9915.47 10,155.25
Perception of body weight (on 5)
Control 2.98 2.95 0.08 (0.08) −0.07; 0.23
Intervention 2.84 3.10
Parental support (on 5)
Control 3.71 3.63 0.09 (0.09) −0.08; 0.26
Intervention 3.60 3.71
Attitude (on 5)
Control 3.63 3.46 0.20 (0.20) −0.18; 0.59
Intervention 3.66 3.31
Knowledge (on 1)
Control 0.42 0.51 0.02 (0.08) −0.14; 0.19
Intervention 0.48 0.62
*p < 0.05
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